INTRODUCTION
Bivalves from deep-sea hydrothermal vents present a host of morphological and cytological adaptations in their feeding and digestive systems, which di¡er in degree according to the extent of their reliance on endosymbionts (Le Pennec et al., 1995) .To date, most research attention has been devoted to species close to the vent out£ows, whereas the biology of small, peri-hydrothermal vent species such as Bathypecten vulcani (Superfamily: Pectinacea) has been largely ignored.
Based only on shell characters to date, the taxonomic position of Bathypecten vulcani has not yet been conclusively established (see references in Beninger et al., 2003) , but its archaic characters may place it basal to the Pectinidae and the Propeamussidae.
Preliminary studies of the Bathypecten vulcani gill suggested a symbiotic relationship with bacteria present in only some bacteriocytes , but this requires unambiguous con¢rmation. The perihydrothermal vent habitat of this species is intriguing, as it suggests a reduced in£uence of the vent environment. While it has not yet been possible to retrieve live specimens for observation and experimentation, the groundwork for an understanding of its feeding biology may be laid by appropriate investigation of material present on the gill and in the digestive tract, and by a comparison with the same data for species with a well-established endosymbiotic relationships in the same habitat. The present work therefore focuses on the digestive tract of Bathypecten vulcani, and compares relevant aspects to Bathymodiolus thermophilus.
MATERIALS AND METHODS
All Bathypecten vulcani specimens examined were collected by the research submersible 'Nautile ' (IFREMER) 00 W). All specimens were small: between 4.6 mm high (dorso-ventral axis)Â4 mm long (antero-posterior axis) and 10 mm highÂ12 mm long.
The specimens were ¢xed in 10% bu¡ered seawater formalin for 24 h prior to storage in 70% ethanol. Various parts of the digestive tract were dissected in the laboratory and embedded in para⁄n after dehydration in an ascending ethanol series; 5 mm sections were stained with Masson's trichrome. Some histological sections were cleared in xylene and processed for scanning electron microscopy (SEM).
Other portions of the digestive tract and gonad were re-¢xed in 2.5% glutaraldehyde in sodium cacodylate bu¡er, pH 7.3, 1100 mOsm, post-¢xed in 2% osmium tetroxide in the same sodium cacodylate bu¡er, and processed for light microscopy of semi-thin sections and for transmission electron microscopy. Five specimens of Bathymodiolus thermophilus obtained at 2630 m in March 1982 and March 1984 from the 138N site (EPR Biocyatherm and Biocyarise expeditions), ¢xed and prepared for histology and SEM following the procedure outlined, were studied for comparison. 
RESULTS AND DISCUSSION
The tubular gill ¢laments of Bathypecten vulcani were small in sectional diameter (approximately 30 mm), inconsistent with a trophic reliance on endosymbiotic gill bacteria. The mouth was crescent-shaped in the contracted (¢xed) state ( Figure 1A) , and large (approximately 200 mm in length), indicating the potential to ingest particles beyond 200 mm along their shortest axis (given tissue shrinkage in histological preparation). Various particles were found on the frontal surface of the gill ¢laments, including zooplankton faecal pellets containing diatom and coccolithophoran tests ( Figures 1B,C) . As the B. vulcani gill does not appear capable of selection (Beninger et al., 2003) , such a process, if it occurs at all, must be performed by the labial palps.
The stomach and surrounding digestive gland of B. vulcani presented a typical bivalve histological pro¢le, also found among hydrothermal vent species such as Bathymodiolus thermophilus, capable of a bivalent (suspensionfeeding^symbiont) feeding strategy (Beninger & Le Pennec, 1991; Henry et al., 1991; Le Pennec et al., 1995; Figures 1D & 2C) . There are very few published studies on bivalve gut contents, probably because of the great di⁄-culty in identifying the partially-triturated remains of heterogeneous microscopic particles. However, zooplankton remains have been reported in the stomachs of littoral suspension-feeding bivalves (see Davenport et al., 2000 and references therein). The stomach of Bathypecten vulcani contained very heterogeneous particles, most of which were not identi¢able ( Figures 1E,F & 2A,B) . However, diatom frustules were common, as were parts of zooplankton exoskeletons ( Figures 1E,F & 2D) . Similar pro¢les have been reported for littoral bivalves (see references in Beninger & Le Pennec, 1991) as well as for Bathymodiolus thermophilus (Le Pennec & Prieur, 1984; , which is known to present a bivalent trophic strategy (Le Pennec et al., 1995) . The presence of diatom frustules indicates that surface-originating particles are ingested. The heterogeneity of gut contents argues for a non-selective diet, and at least a partial reliance on relatively scarce biodeposits, either originating from the surface or resuspended from the hydrothermal environment (Lampitt, 1985) .
Sections of the intestine of Bathypecten vulcani revealed only ¢ne, granular material, suggesting e⁄cient grinding in the stomach, presumably by the well-developed gastric shield ( Figure 2C ).
The lack of identi¢able bacteria in the stomach contents of B. vulcani is in sharp contrast to the situation found in the Bathymodiolus thermophilus specimens examined from the same habitat, in which numerous coccoid and ¢lamen-tous bacteria were readily observed ( Figure 2E,F) . These observations indicate a substantial di¡erence in trophic sources and strategies between Bathypecten vulcani, which is located at the periphery of the vents, and Bathymodiolus thermophilus, which is found closer to the vent out£ows (Desbruye' res et al., 1982) .
The feeding biology of Bathypecten vulcani thus appears to be characterized by a non-selective suspension-feeding regime, dependent upon particles originating from surface waters; the small whole size of this species, together with the relatively large size of the gill indicate that this species is food-limited in the peri-hydrothermal vent habitat. From the standpoint of feeding biology, these characteristics suggest that B. vulcani is a 'satellite' member of the deep-sea hydrothermal vent fauna, being largely dependent on organic particles originating from the surface and from the vents rather than on endosymbionts.
